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INTRODUCTION
The spatial pattern of one industry may influence the development of enterprises of that industry and indicate the present focus of it (Higano, 2004) , which is important for enterprises or government sectors to get an easy access to a clear demonstration of enterprises distribution. Meanwhile, to analyse and predict the trend of development of an industry, the research of its spatial pattern variation over time is also indispensable.
There already have been many researches conducted on the visualization and analysis of the spatiotemporal pattern of different datasets. A generalized space-time paths (GSTP) approach (Shaw et al., 2008) has been used to provide useful analysis environment for researchers who are interested in the individuals' immigration. With the fast development of Internet, new space-time visualization methods which concern relevant fields have been developed. Wallner et al. (2012) developed a system that uses clusters of nodes, pie-chart and coloured sections to assist the analysis of game players' behaviour. Ertl et al., (2012) uses seasonal trend decomposition based on locallyweighted regression (STL) to extract space-time information from social media. Although the spatiotemporal visualization has been used in many fields, the application in the field of spacetime patterns of industries is still limited.
To offer as much information as possible and to keep the whole view clear at the same time, interactive visualization approaches and animation have been used to display maps selectively. Many * Corresponding author novel approaches have been proposed, such as the shifting routes of gravity centers (Feng & Huang, 2006) , spirals (Hewagamage et al., 1999) , and a 3D timeline view called GeoTime (Kapler & Wright, 2005) . Those approaches can help researchers effectively obtain information from huge quantities of data, but they are still relatively hard to understand for users without GIS knowledge. Meanwhile, many existing visualization systems are designed to present information in fixed spatial scale and attribute fields, users are not allowed to select spatial units, map levels and observation variable freely. Moreover, most of those systems are desktop-based which may increase user burden and lower the accessibility, as they have to be installed and configured appropriately on users' computers. In comparison, a web-based system may reduce the user burden in software installation and client-side computing resource occupation, as well as improving the accessibility to the public. To partially address above issues, we come forward with a web-based visualization framework using the shifting route of gravity centers and standard deviational ellipse (SDE) (Lefever, 1926) . This framework offers information of different levels and industries, and users can switch between different levels and industries easily through interactive functions. The shifting routes of gravity centers allow users to learn about the variation of one industry over time, while SDE, which is widely used to measure the spatial properties of a particular point distribution, can show us the trend and the range of spatial coverage of an industry in one year. Those two techniques are especially useful when points are differentially weighted and of large amount. Analysing and visualizing micro-level enterprise registration data with large spatial coverage can be challenging problems due to the huge data size. Mainstream scientific data processing languages or tools like R, Python and MATLAB show limitation and low time efficiency while dealing with big data. To solve this problem, distributed computing framework like Apache Hadoop (White, 2012) or Spark are developed to deal with such huge amount of data (Chen et al., 2014) . Apache Spark (Zaharia et al., 2010) , a newly developed high-performance clustering computing framework, has been proposed and widely-used in resent years. It outperforms Hadoop and other framework ten more times when dealing with big data due to the in-memory computing mechanism and also more flexible and portable since more programming languages are supported. Based on this reason, we chose Spark to achieve parallel data processing in our framework.
The research reported here aims at introducing the design of such a web-based visualization framework that uses the shifting routes of gravity centers and standard deviational ellipses (SDE) to present the spatiotemporal distributions and their changing patterns of different industries. The Apache Spark framework is used in this framework to improve the processing speed. The proposed framework can help end-users to obtain the spatiotemporal dynamics easily and in a user-friendly fashion.
METHODOLOGY
The proposed web-based framework is composed of three layers, i.e., data layer, service layer and web visualization layer. The logic structure of this framework is illustrated in Figure 1 . a) Data layer: Data layer is for data management. There are two databases in this layer, the registration information database and the result database. The former contains the detailed information of all enterprise records, the latter stores the computation results i.e., the gravity centers and SDEs of different spatial units and industries. 
Data Layer
In this layer, we built up two databases, the registration information database and the result database. In the registration information database, each record records the registration information of an enterprise, and it contains many fields, including registered capital, registered year, industry code, address, coordinate and etc. Since a SDE and a gravity center are related to each other in calculation, a computing result record contains the parameters of both SDE and gravity center in result database. When a query is triggered by specifying the industry code and spatial unit, the matched records of all the years will be retrieved. The fields and their meanings of the result table are showed in The gravity centers and SDEs of industries within a fixed administrative division, i.e., a province or the whole nation can be pre-calculated and cached in the result database for further query. But if a user wants to upload new data to the framework or specify customized areas, calculation will be triggered in the Spark framework.
Service Layer
Due to the large amount of data, we implement the computation of SDEs and gravity centers in the service layer based on Spark framework using programming language Scala. The results for basic administrative division are stored in the data layer, and will be sent to the visualization layer through RESTful interface as JSON files. The computation methods for SDEs and shifting route of gravity centers are described in the section 2.2.1, while the Spark computing framework and the RESTful web services are introduced in section 2.2.2 and section 2.2.3 respectively.
The computation methods:
We used the registration data from data layer to compute the shifting routes of gravity centers and SDEs. As enterprises of different business scales have different influence on the whole industry, we use weighted centers and weighted SDEs (Yuill, 1971 ) to show the pattern of different industries, and the registered capital is used to represent the weight of different enterprises. The computation of the gravity center of one region can be described as formula 1:
Where ( ̅ , ̅ ) is the gravity center of the calculated spatial unit, and ( , ) is the longitude and latitude of an enterprise within that spatial unit. The w1, w2, w3… wn are registered capitals of those enterprises, which represent the scales of those companies.
To draw a SDE of the points located in a spatial unit, the gravity center ( ̅ , ̅ ), the angle of rotation tanθ, the standard deviations for the x-axis and y-axis respectively, i.e., and are needed. The short half axe of a SDE shows the range of data and the long half axe shows the tendency of the data. When a SDE has been determined, its size can show the density of enterprises in that area, which is a necessary supplement to the gravity center.
The angle of rotation can be calculated as formula 2:
where ̃,̃ means the deviation of the x, y coordinates from the average center. Here we choose the gravity center as the average center.
The standard deviations of the x-axis and y-axis can be calculated as formula 3 and formula 4 respectively:
Spark frame:
In this web-based framework, the computation of SDEs and gravity centers is implemented in Spark. Two modules of Spark are mainly used, i.e., Spark SQL and Spark Streaming. The raw data and the final results are all stored using DataFrame, while some of the intermedia results are stored in RDDs. One DataFrame contains the data of one industry from one selected area of all years. This selected spatial unit can be either an administrative division or any customized area specified by end-user. For the former, the data of that administrative division can be selected directly by area field in the table, and for latter, latitude and longitude are used to filter records in the area.
Since we need to use the raw registration data from MySQL database, one module of Spark called Spark SQL (Armburst, et al, 2015) is used to query structured data from database into distributed memory using SQL statements directly. Spark SQL has two main advantages over previous systems: (1) it offers tighter connection between relational database and procedural processing, makes it easier for programming languages like Scala to process; (2) based on Spark framework, it costs far less time for every query. Spark SQL asks for the raw data of interested enterprises from the relational database, and the data acquired in this way is organized just like the way in the MySQL database, as it is stored in a DataFrame. DataFrame is a data model used in Spark, which is organized into named columns. This attribute makes it convenient for programmers to operate it with both MySQL statements and other popular programming languages (e.g., Scala, python). DataFrame can also easily be transformed into RDD, which allows us to implement complex computation in Spark Streaming module.
The Spark Streaming means that the input data stream is divided into several computation tasks, and they are put on the resource pool including massive computers, which can maximize the efficiency of data processing.
The computation of the parameters described in section 2.2.1 is implemented with Scala and the data flow is shown in Figure 2 . The raw data will be firstly grouped by year, and then computed synchronously. As the value of gravity center is needed in the computation of SDE, the computing of SDE and gravity center is completed in the same process. The pseudocode of the computation of SDE and gravity center is illustrated in Table 3 . The Scala-based code is distributed onto all the slaves in the Spark cluster and executed in parallel. The computation results of all the administrative divisions will be then write back into //compute the standard deviation of x-axis and y-axis using x, y and theta Table 3 . Pseudocode of the computation of SDE and gravity center
RESTful interface:
RESTful web services are built to support the communication between client side and server side. It links the data layer to the visualization layer using HTTP GET operation. The raw data is selected by industry and spatial unit (can be either an administrative division or any specified area), and the result data is written into a JSON file to be used in the Visualization layer.
The result data is stored separately according to the administrative level of spatial unit, i.e., the national level or the provincial level. Figure 3 shows an example of the national level result, and the spatialUnit field identify the ID of the spatial unit in the database, i.e., national. For provincial level or customized spatial area, the value of this field is the name of one particular province and customized respectively. There are two map levels available in the choropleth maps, both the national map and provincial maps, based on the boundary of administrative divisions. The vector shapes representing SDEs and shifting routes of gravity centers are displayed upon the choropleth map. All the administrative divisions in the administrative divisions map are colored according to the overall number of enterprises of the chosen industry in that area to show development level of that industry.
Interactive functions are used to enable users to switch between different map levels, spatial unit, year and interested industry. User can click on the name tag of one industry to select industry. When clicking on a spatial unit on the choropleth map or a "go back" button, the observation spatial unit or map level will be changed. The SDE of one particular year appears when the marker representing a gravity center in a particular year is clicked.
The temporal pattern of one industry is illustrated with the help of animation. Markers representing gravity centers are linked by a polyline which indicates the shifting path, and those markers and line segments will appear year by year. Instead of using arrows to present the direction of the shifting direction of gravity center, we used animation to avoid the overlapping with centers and to attract users' attention.
Line Chart view:
The line chart view is to offer detailed information of gravity centers. This view can be expanded to the full screen mode ( Figure 5 ) which allows users to focus on it, and text tags attached to the marks of gravity centers can offer more detailed information.
Users can click on wherever on the chart to make this view zoom in or zoom out. This function allows users to focus on the shifting routes, and also helps them to have an overview of the map at the same time, as an eagle-eye map of the original choropleth map is put on the up-right corner of the screen too.
The line chart and the choropleth map is linked together, and the shifting routes of gravity centers appear synchronously on both of them. When users hover over a marker representing one year's gravity center, a tooltip offering information e.g., industry, longitude, latitude, and the overall number of enterprises of this industry that year, will appear on the page. As the gravity centers of some years didn't move much, the year labels of them may overlap with other figure elements or labels. To make the overall pattern of the shifting route line chart more clear, the framework offers functions to hide and show the year labels by clicking on the corresponding button ( Figure 5 ). 
EXPERIEMENT AND RESULT

Graphical user interface and functions of the framework
Using the framework proposed, we visualized the spatiotemporal distribution patterns of enterprises in China. We used the registration information of all the enterprises in Mainland China established between years 1950-2015 as the experiment data. The whole dataset has more than 16 million records accounted for 5 GB. The raw registration data is collected by local Administration in China and has been processed with machine learning methods and geocoding tools, to complete the industry category, administrative division and coordinates that each enterprise belongs to. (Li et al., 2017) .
The main GUI of this framework is the map of China and a line chart. Users can choose one particular industry by clicking on its name (to save the space, some of them are abbreviations) to see its shifting route of gravity centers, which is shown in animation ( Figure 6 ). Every red circle represents a gravity center of a year, and the red lines linking those circles show the shifting route. In this page, users can click on the province of interest to turn to the provincial page, or click on one circle to see the SDE of that year ( Figure 7 ). This framework provides users with necessary interactive functions, such as hovering over one area to get detailed information. Industry or gravity centers that have been chosen will be highlighted in different color to help identifying the choice of users. Main visualization functions of this framework are listed in 
Data Analysis
The visualization of shifting routes of gravity centers and SDEs can help users to explore the spatiotemporal distribution pattern of enterprises from different industries, or even to infer the trend of one industry.
From the shifting route of one industry, users can know which part of the study area has developed faster than others, and may contribute to the decision making of government sectors and enterprises. For example, from the shifting routes of some industries (e.g., wholesale, social services and scientific organizations) in Hubei, we can find that the gravity center kept shifting east progressively since 2006, and started to be distant from the geometric center of Hubei. The shifting route of wholesale industry in Hubei is shown in Figure 8 . That phenomenon may be led by the fast development of Wuhan in these years, which locates in the eastern of Hubei. Due to this shifting trend, the government of Hubei may need to pay more attention to the development of the western part of this province to alleviate or erase the inequalities in regional developing. 
Performance Comparison Experiments
To verify the performance and scalability of the Spark-based framework, we compare the computing time of the SDE and shifting route of gravity centers calculation algorithm written in Scala in terms of different number of CPU cores and different data sizes. The Spark cluster we used in experiments has 16 slave nodes. Each of the slave node has 8 virtual CPU cores of 2GHz, and 4 of them has been used in Spark computation. The memory of each node is 32GB. Figure 10 shows the computing time consumed by Spark to process different amounts of data, while Figure 11 illustrates the speed-up ratio of Spark with different numbers of cores compared with the time cost when using 4 CPU cores. Figure 10 . Computing time on different data size when using different number of CPU cores Figure 11 . Speed-up ratios of computing time by using multicores compared with that using 4 CPU cores Figure 10 shows that the proposed framework is scalable with the data size. The minimum time cost needed to process 600,000 records, is less than a minute. It means that it is possible for this framework to offer near real-time result. From Figure 11 , we can find that the proposed framework is evidently more efficient when dealing with large amount of data by adopting Spark. The speed-up ratio varies in the data size and the CPU cores used. For smaller amount of data, 8 cores cluster has the best performance. While, when the data size getting larger and larger, more CPU cores show its advantage in computing. When data size is larger than 2 million points, the computing time of 64 cores begins to be less than that of 32 cores. The larger the data size is, the more computational acceleration. It shows that Spark is a powerful tool in big data processing and it is feasible to integrate Spark into our framework for the computation of SDEs and gravity centers.
CONCLUSION
In this paper, we designed and developed a web-based framework to visualize the spatiotemporal features of industry distribution using the shifting routes of the gravity centers and the SDEs. To demonstrate the feasibility and usage of this framework, we used the enterprise registration data of all industries in Mainland China registered between years 1950-2015 as a case study.
This framework can offer helpful information to the researchers and decision makers who are interested in the spatiotemporal distribution and its variation of industries with the help of the shifting route of gravity centers and SDE. Using both a multiscale choropleth map and an animation-supported line chart, this framework presents the spatial distribution of those features and the temporal variation. Interactive functions allow the users to select information of interest easily.
Apache Spark is integrated in this framework to accelerate the computation, and experiments prove that the proposed framework and parallel algorithms are especially efficient when deal with large data size and can satisfy the computing and visualization need of real-time or near real-time. Apart from being applied to the analysis of industries, this framework can also help researchers to process different kind of datasets (such as population, number of crimes).
To offer more information about the development of different industries, additional functions can be added to this system in the future. For instance, comparison of SDEs of different years or comparison between different industries can be helpful. Also, it will be meaningful if users are able to input their own data through interaction in the visualization layer and generate shifting routes of gravity centers and SDEs of those data automatically.
